Thermodynamic analysis of alcohol effect on thermal stability of proteins.
Thermal unfolding of ribonuclease A and α-chymotrypsinogen A was analyzed in various alcohol solutions of methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, tert-butanol, trifluoroethanol, and glycerol. The change in thermal unfolding ratio with temperature was described well by the van't Hoff equation and the melting temperature and the enthalpy of protein unfolding were obtained. The reciprocal form of the Wyman-Tanford equation, which describes the unfolded-to-folded protein ratio as a function of water activity, was applied to obtain a linear plot. From the slope of this plot and water activity, the stabilization free energy (ΔΔG) in a solution was calculated. This shows an important role of water activity in protein stability. ΔΔG was linearly dependent on alcohol concentration and m-values of alcohols for protein unfolding were obtained. This provides a theoretical basis for the linear extrapolation model (LEM). The m-values for alcohols were negative except for glycerol. The negative higher m-value for longer and linear chain alcohols suggested the important role of the disturbance of hydrophobic interactions as well as the hydrogen-bonding in the mechanism of protein destabilization by alcohols. The number of change in bound-alcohol molecules upon protein unfolding was also obtained.